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Abstract 
Elevating the level of specific omega-3 fatty acids in equine semen by dietary modification can improve motion 
characteristics of cooled-stored and frozen-thawed sperm. Stallions, which produce semen that has poor tolerance to cooling 
and freezing, would benefit most from this dietary modification. 
1. Introduction 
The Quarter Horse industry has been employing cooled, transported semen since 1997, and beginning in the 2001 breeding 
season, it approved the use of frozen-thawed semen. The use of cooled or frozen shipped semen offers many advantages to 
breeders. Unfortunately, many stallions produce semen that is unable to provide acceptable fertility after undergoing the 
rigors of cooling and storage. Furthermore, cryopreservation magnifies this reduction in fertility. 
The cellular injury associated with the cooling and freezing of sperm is manifested by a disruption of membrane lipids, 
resulting in damage to mitochondria and loss of integrity of plasma and acrosomal membranes. These cold shock induced 
events are accompanied by a loss of motility, viability, and fertilizing capacity of sperm. Differences in the ability of sperm 
from various animals to withstand cold shock seems related to their sperm membrane lipid composition [1]. Along with 
influencing the response to cooling and freezing, the lipid composition of sperm membranes plays a major role in the 
physiologic changes leading to fertilization [2]. 
Spermatozoa from all species contain high levels of polyunsaturated fatty acids (PUFA), in particular, docosahexaenoic acid 
(DHA [22:6 n-3, an omega-3 fatty acid]). Spermatozoa of the boar and stallion also have very high levels of 
docosapentaenoic acid (DPA [22:5 n-6, an omega-6 fatty acid]) [1]. Studies in the boar and other species have shown that a 
high DHA to DPA ratio in semen results in enhanced fertility, whereas the reverse results in diminished fertility [3-5]. 
Animals are unable to synthesize PUFAs from saturated or monounsaturated fatty acids; therefore, they must acquire them 
from precursor PUFAs in their diet. The transfer of dietary PUFAs to sperm has been shown to be effective in a number of 
species [4,6,7]. Unfortunately, most proprietary horse feeds are very high in precursors for omega-6 fatty acids, whereas the 
precursors for omega-3 fatty acids, such as DHA, are very low. The goal of this research was to determine whether the 
addition of a DHA-rich nutriceutical to the diet of breeding stallions would have a beneficial effect on the motion 
characteristics of cooled or frozen-thawed semen. 
2. Materials and Methods 
Eight breeding stallions owned by the Texas Department of Criminal Justice (TDCJ) were used in a 2 x 2 crossover design 
study. Stallions were randomly assigned to one of two treatment groups (n = 4/group), balanced for stallion age and semen 
quality. Control group stallions were fed their standard diet, whereas the treatment group had their standard diet dressed with 
250 g of a nutriceutical formulated to increase the concentration of DHA in semen of boars. The feeding trial lasted for a 
period of 14 wk, followed by a 14-wk "wash out" period during which no nutriceutical was fed. This would allow DHA levels 
of treated stallions to return to pre-treatment levels [8]. The treatment groups were then reversed for an additional 14-wk 
feeding trial. 
Semen from each stallion was collected using an artificial vagina before the onset of the study to help ensure uniformity of 
ejaculates. Semen analysis from baseline measurements was used to balance treatment groups for semen quality. Thereafter, 
semen was collected from each stallion for analysis at the end of the 14-wk feeding trials and at the end of the "wash out" 
period. 
On collection, each ejaculate underwent standard analysis for volume, concentration, total sperm numbers, motility, and 
morphology as described by the Society for Theriogenology [9]. Sperm concentration in the ejaculates was determined 
photometrically using a densimeter [a]. Spermatozoal motility was determined using a computer-assisted sperm analysis 
system [b]. Each ejaculate was divided into three aliquots for evaluation as fresh, cooled, and frozen-thawed samples. 
Aliquots evaluated as fresh and cooled samples were diluted to 25 million sperm/ml in a skim milk-based diluent. Aliquots 
for semen freezing underwent standard processing as previously described [10,11] in a clarified extender. Computer assisted 
semen analysis (CASA) were performed (1) immediately after dilution on fresh samples, (2) after 24 and 48 h of storage at 
5ºC in an Equitainer [c] on cooled samples, and (3) after at least 24 h of storage at -196ºC in LN2 on frozen-thawed samples. 
Comparisons of means between treatment and control samples were performed using paired t-tests. 
3. Results 
Motion characteristics for fresh, cooled, and frozen-thawed semen are presented in Table 1. Motion characteristics in fresh 
semen were not improved by treatment. Additionally, when semen was cooled and stored for 24 h, mean percentages of total 
and progressive sperm motility did not differ; but the sperm from stallions being fed the nutriceutical exhibited higher average 
path velocity (P = 0.03) and straighter trajectory (P = 0.04). After 48 h of cooling and storage, both total and progressive 
motility were improved by feeding the nutriceutical. When stallions were not being fed the nutriceutical, cooling and storage 
for 48 h resulted in the progressive motility being approximately 50% lower than that of fresh semen (33% versus 63%, 
respectively). After 14 wk of feeding the nutriceutical, progressive sperm motility in semen cooled and stored for 48 h was 
only 32% lower than in fresh semen (43% versus 64%, respectively). Differences in these 48 h reductions in progressive 
sperm motility between stallions fed control (48 + 30%) and nutriceutical-supplemented diets (32 + 18%) were significant 
(P = 0.05). The most dramatic improvement in motility was observed in the semen of stallions that had less than 40% 
progressively motile sperm after 24 h of cooling and storage when fed a standard ration. Within this group of stallions, 
progressive motility after 24 h of cooling and storage was 30 + 6% for stallions fed the control diet compared with 48 + 11% 
for stallions fed the nutriceutical (p = 0.10). After 48 h of cooling, progressive sperm motilities were 20 + 9% and 38 + 6%, 
respectively (P = 0.03). Mean post-thaw sperm motility of frozen semen was also significantly higher after feeding the 
nutriceutical (Table 1). 
  
Table 1. Effect of Feeding a DHA-Enriched Nutriceutical on Motion Characteristics (mean + SD) of Fresh, Cooled, and 
Frozen-Thawed semen (n = 8)







75 + 13 
63 + 13 
72 + 14 
122 + 8 
77 + 8
76 + 10 
64 + 12 
72 + 12 













58 + 17 
44 + 17 
50 + 17 
107 + 14 
76 + 4
60 + 14 
51 + 13 
55 + 14 













43 + 14 
33 + 17 
36 + 18 
104 + 11 
76 + 4
54 + 12 
43 + 11 
48 + 12 













21 + 7 
17 + 7 
17 + 7 
80 + 12 
89 + 2
25 + 8 
20 + 8 
21 + 8 







* Spermatozoal motion characteristics, i.e., total spermatozoal motility (TMOT), progressive spermatozoal motility (PMOT), and average 
path velocity (VAP), were determined using a computerized spermatozoal motility analyzer (HTM-IVOS Ver. 10, Hamilton Thorne 
Research, Beverly, MA 01915). Rapidly mobile cells (RMOT), straightness (STR).
4. Discussion 
Transport of PUFAs from the diet to semen has been shown to occur in humans [6], fowl [4], boars [3], and rams [7]. 
Vegetable oils, such as corn and soybean oil, contain high levels of linoleic acid. Most proprietary equine rations are, 
therefore, very high in linoleic acid, the parent compound of the omega-6 series fatty acids. This includes DPA, a major 
PUFA constituent of boar and stallion semen. A diet of this nature would favor the incorporation of omega-6 fatty acids over 
omega-3 fatty acids. This could have a negative impact on quality of stallion semen and its tolerance to cooling and freezing, 
because high DPA to DHA ratios in semen are associated with reduced sperm quality and fertility. Supplementing the 
stallion's diet with precursors to omega-3 fatty acids such as cod liver oil or linseed oil can increase the overall level of 
omega-3 fatty acids in semen, but supplementation may not result in the desired effects of improved semen quality. 
Supplementing boar diets with cod liver oil did not improve the semen's tolerance to freezing [12]. However, when a 
formulation of DHA and antioxidants were added to boar rations, significant increases in semen quality and fertility were 
observed compared with boars fed a control diet [3]. Although we did not observe the same improvements in all parameters 
of horse semen, significant improvements in motion characteristics of sperm in cooled and frozen-thawed semen were 
observed. 
The most interesting findings of the study were the effects of feeding the nutriceutical on cooled semen. Whereas the mean 
total and progressive sperm motilities improved after 48 h of cooling for stallions fed the nutriceutical, improvement was not 
readily apparent at 24 h. However, for four stallions whose initial progressive sperm motility was < 40% after 24 h of cooling, 
a dramatic improvement in progressive sperm motility was observed at both 24 and 48 h of cooling when they were fed the 
nutriceutical. Stallions of high fertility that produce sperm that survive well through the cooling process may not benefit from 
the supplement. Stallions of marginal fertility, however, and those whose sperm has poor tolerance to cooling and freezing 
would likely benefit from being fed the supplement. Supplementing the diet of such marginal stallions may improve their 
semen quality sufficiently enough to make them commercially viable for cooling or freezing. 
The authors thank the TDCJ for providing the horses and facilities used in this study and Minitube of America for donating 
the nutriceutical. 
Footnotes 
[a] Model 543A, Animal Reproduction Systems, Chino, CA, 91710. 
[b] HTM-IVOS Version 10 Spermatozoal Motility Analyzer, Hamilton Thorne Research, Beverly, MA, 01915. 
[c] Equitainer II, Hamilton Research, South Hamilton, MA, 01982. 
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